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I ntroduction

The ENDF/B data library has recently been updated and is now fredly available through the National Nuclear
Data Center (NNDC), Brookhaven Nationd Laboratory. This most recent library is identified as ENDF/B-VI,
Release 7. Release 7 completely supersedes all preceding releases.

As digtributed the ENDF/B-VI, Release 7 data includes cross sections represented in the form of acombination
of resonance parameters and/or tabulated energy dependent cross sections, nomindly at 0 Kelvin temperature.

For use in gpplications this library has been processad into the form of temperature dependent cross sections at
eight temperatures between 0 and 2100 Kelvin, in steps of 300 Kelvin. At each temperature the cross sections
are tabulated and linearly interpolable in energy.

All results are in the computer independent ENDF/B-V I character format [1], which alows the datato be easily
trangported between computers. In its processed form this library is approximately 1.6 gigabyte in Sze and is
distributed on three CDs.

Earlier Versons of ENDF/B-VI

Between the origind didribution (Release 0) and Reease 2 libraries, 74 evduations were updated and
distributed in July 1994 (see, UCRL-ID-117797). Between Release 2 and 3 libraries, 18 evauations were
updated and digtributed in January 1996 (see, UCRL-ID-124171). Between Release 0 and 3 no completely
new evauations were added to the library. Between Release 3 and 4(see, UCRL-1D-127776), 87 evduations

were updated and five completely new evaluations were added, namely for Gd152, Gd154, r191, 11193 gnd
Pu236. |n additiona the evaluation for natural Cd was deleted and replaced by evauations for the individual
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isotopes. The result was a library of 321 evaduations. For detals, see the above mentioned three reports:
UCRL-ID-117797, UCRL-1D-124171, and UCRL-ID-127776.

ENDF/B-VI, Release 7 Data

Between the last version of thislibrary (POINT97), which was based on release 4 data, and the current version
(POINTZ2000), which is based on release 7 data, the following changes where made to the evaluations,

1) There are three completely new evauations, namdy for the S isotopes. 828, S ,and Si3 .

2) There were m?'% revisions throughout the Pd evauations, namely for: Pdloz, Pd104, Pd105, Pd106,

Pd*®® and pat™®.

3) There were mgor revisons throughout the Pb208 and Am243 evauations.

4) There are new resonance parameters for Snat, Sm147, and U235.

5) Totd neutrongfisson, n (E), was revised for U235 and Am243. Delayed neutrons/fisson was revised

for U238 and Pu239.

6) Thereare minor changes for Cr50, Cr54, Mn55, Fe54, |:e58, NPT Ni2 1651

. 238 239
, NI, Ho , .

U and Pu

Theresultisalibrary of 324 evduations.
PREPRO2000 Codes

In addition to the changes in the ENDF/B-VI evauations, it should be noted that between the last version of this
report, where the PREPRO’ 97 codes were used, and the current version, where the PREPRO2000 codes
were used, there have been mgor improvements in the ENDF/B Pre-processng codes. The magor
improvements were both in terms of improving the basic methods used by the codes and in terms of
incorporating the latest ENDF/B-VI Formats and Procedures used by the current evaluations. The reault is
more accurate cross section data throughout the POINT2000 library.

WARNING — due to recent changes in ENDF/B-VI Formats and Procedures only the latest version of the
ENDF/B Pre-processing codes, namely PREPRO2000, can be used to accurately process dl current
ENDF/B-VI evduations. If you fail to heed this warning and you use any earlier versons of these codes the
results will be inaccurate.

The PREPRO2000 codes run on virtualy any computer, and are now available FREE on-line from the Nuclear
Data Section, IAEA, Vienna, Audtria, website &,

http://IAEAND.IAEA.OR.AT/ndspub/endf/prepro

Requesting this Data

Please do not contact the author of this report to request this data; | do not have the resources necessary to
directly respond to requests for this data. This data has been distributed to and is Internationdly available from
nuclear data/code centers throughout the World,
1) Within the United States: contact the National Nuclear Data Center, Brookhaven National Laboratory,
Vicki McLane at services@bnlnd2.dne.bnl.gov
2) Within Western Europe: contact the OECD Nuclear Energy Agency/ Data Bank (NEA/DB), Paris,
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France, Enrico Sartori at sartori @neafr
3) Otherwise: contact the Nuclear Data Section, international Atomic Energy Agency, Vienna, Audtria,
Vladimir Pronyaev at v.pronyaev@iaea.org

Data Processing

As digributed the originad evauated data includes cross sections represented in the form of a combination of
resonance parameters and/or tabulated energy dependent cross sections, romindly a 0 Kevin temperature.
For use in gpplications, this data has been processed using the 2000 version of the ENDF/B Pre-processng
codes (PREPRO2000) to produce temperature dependent, linearly interpolable in energy, tabulated cross
sections, in the ENDF/B-V1 format.

Dataisincluded for eight temperatures between 0 and 2100 Kelvin, in steps of 300 Kevin.

The steps required and codes used to produce room temperature, linearly interpolable tabulated cross sections,
in the ENDF/B-VI format, are described below (the name of each code in given in parenthesis; for details of
each code seereference [2]).

Here are the steps, and PREPRO2000 codes, used to process the data, in the order in which the codes were
used.

1) Linearly interpolable, tabulated cross sections (LINEAR)

2) Including the resonance contribution (RECENT)

3) Doppler broaden all cross sectionsto temperature (SIGM A1)

4) Check data, define redundant cross sections by summeation (FIXUP)

For the "cold" (0 Kelvin) data steps 1), 2) and 4) were used. For the data at other temperatures, after steps 1)
and 2), the data was Doppler broadened to each temperature using step 3), and the results were then made
consstent with the ENDF/B formats and conventions using step 4), to produce the find didtributed data.

The result is linearly interpolable in energy, tabulated, temperature dependent cross sections, in the ENDF/B-VI
format, ready to be used in gpplications.

Note - this processng only involved the energy dependent neutron cross sections. Al other data in the
evaduations, eg., angular and energy didributions, was not effected by this processng, and is identicd in dl
versons of the find results, i.e, isthe samein dl of the directories, ORIGINAL, as well as KO through K2100,
on the CDs.

Accuracy of Results

Each of the codes described above that was used to process data to obtain tabulated, linearly interpolable in
energy cross sections, processed the data to within a user defined accuracy, or alowable uncertainty. The
ENDF/B Pre-processing codes (PREPRO2000) are sdlf-documenting, in the sense that the ENDF/B formatted
output data that each code produces includes comments at the beginning of each evauation defining the
accuracy to which the cross sections were calculated. The combination of comments added by dl of the codes
defines the sequence and accuracy used by dl of them. The accuracy is the same for dl evaluations. Therefore,
for exact details of the accuracy of the data, see the comments at the beginning of any evauation
5
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Compared to the processing of earlier versons of ENDF/B-VI1, the current results were generated to higher
accuracy, which is why the resulting data base is larger. Also, they were generated using an energy dependent
accuracy, to dlow the low energy cross sections, where there are no narrow resonances, to be generated to
much higher accuracy, without a significant increase in the overal size of the data base. This was done in order
to improve the cross sections for use in theema and dow neutron applications. Again, for detals see the
commentsin any evauation.

Contentsof theLibrary

Thislibrary contains dl of the evduations in the ENDF/B-VI generd purpose library. The following table
summarizes the contents of the ENDF/B-VI1 generd purpose library. This library contains evauations for 324
materids (isotopes or naturaly occurring elemental mixtures of isotopes).

This library does not contain data from specid purpose ENDF/B-VI libraries, such as fisson products,
thermal scattering, photon interaction data. To obtain any of these specid purpose libraries contact the Nationa
Nuclear Data Center, Brookhaven Nationa Laboratory,

ENDF@bnind2.dne.bnl.gov

In this library each evauation is stored as a separate file. The following table defines each materid and the
corresponding filename. The entire library is in the computer independent ENDF/B-V I character format, which
dlows the data to be easly transported between computers. The entire library requires gpproximately 1.6
gigabyte of storage and is distributed on three CDs; see below for details of the CD contents.

This library contains data for some metastable materids, which are indicated by an "M" at the end of their
descriptions.

The mg ority of these evauations are complete, in the sense that they include dl cross sections over the energy
range 10-° eV to at least 20 MeV. However, the following are onl¥ pa‘tld evd uations that either only contain
sngle reactions and no total cross section (Mg24 K ! T T T T| and N|59) or do not include

12 depmflth cross sections above the resonance region (Ar 92, M098, Moloo, In115, Snlzo,

andSn ).
CD Format and Layout

The CDs were written using 1SO 9660 format that can be read on almost any computer. One restriction of the
SO 9660 format is thet it is Smilar to DOS diskettes, in that it does not distinguish between upper and lower
case characters. Therefore when the data is read from the CDs, on some compuiters the filenames will end up in
upper case, and on other computers they will be lower case.

The three CDs are divided into ten directories,

CD#1
DOCUMENT - A copy of thisreport in various formats.
ORIGINAL - Theorigind ENDF/B data before it was processed.
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KO - 0 Kédvin cross sections
K300 - 300 Kévin cross sections
CD#2

K600 - 600 Kélvin cross sections
K900 - 900 Kévin cross sections
K1200 - 1200 Kévin cross sections
CD#3

K 1500 - 1500 Kdvin cross sections
K1800 - 1800 Kévin cross sections
K2100 - 2100 Kévin cross sections

With the exception of DOCUMENT, each of these directories contains 324 files, one file for each evauation.
Each fileis a complete ENDF/B "tape’ [1], including a darting "tape” identification line, and ending with a"tape’
end line [1]. In this form, each file can be used by a wide variety of available computer codes that treat datain
the ENDF/B format.

The Effects of Temperature and Doppler Broadening

For those readers who are not familiar with the effects of temperature and Doppler broadening on neutron cross
sections and transport, | suggest that you read references [3] and [4], listed below.

Users of neutron cross sections should be aware that there are several important effects of temperature and
Doppler broadening,

1) There is the wel known effect in the neutron resonance region, where as the temperature increases
resonances become broader, hence the name Doppler broadening. Figure 1 illustrates the effect of temperature

on the U238 capture cross section. From this figure we can see that as temperature increases the pesks of the
resonances become lower, and the minima between resonances become higher. At extremey high temperature
the entire resonance structure disappears and the cross sections gpproaches asmple 1/v (where v isthe neutron
oeed) shagpe. This temperature effect will have a very important effect on resonance sdf-shidding in any
neutron trangport caculation.

2) Ancther, less well known, effect of Doppler broadening is at lower energies where as temperature increases
the low energy congtant scattering cross section increases, and a very low energies gpproaches a smple v

(where v is the neutron speed) shape. Figure 2 illustrates the effect of temperature on the hydrogen total cross
section. From this figure we can see that sarting from a“cold” (0 Kelvin) cross section that is congtant at about
20 barns, as temperature increases the cross section increases. Compared to the “cold” 20 barn cross section,
at thermal energy the Doppler broadened cross section is about 30 barns, i.e.,, 50 % higher. Note dso from this
figure that this effect extends well above therma energy. For example, a 300 Kelvin the thermd energy is
0.0253 eV, but we can see this effect up to about 1 eV. From the lower half of figure 2 we can see that at very
low energy the cross section approaches 1/v (where v is the neutron speed) and the cross sections at various
temperatures become proportional to one another. This effect on the cross sections at low energy is very

important for therma and low energy neutron systems.

3) Yet another important effect of temperature is that a lower energies neutrons do not dow down in energy as
quickly and neutron scatter can even result in the upscatter of neutrons, i.e., when neutrons scatter they can gain,
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rather than lose, energy. Thisisawell known effect at low energies, where therma scattering law data or afree
gas modd is used to mode the interaction of neutrons with target atloms that are moving about with thermd

motion. This effect can dso be important at higher energies, particularly near narrow resonances, where thermal

motion of the target atoms can cause neutrons to dightly upscatter, but even dight upscatter can cause a neutron
to scatter from below to above the energy of a very narrow resonance. See reference [4], below for aroutine
designed to be used in conjunction with the SGMA1 method of Doppler broadening [3], to handle neutron

thermal scattering. This routine [4] is completely competible for use with the cross sections included here, snce
these cross sections were Doppler broadened using the SSGMA1 method [3].

The combination of SSIGMAL [3] Doppler broadened cross sections and THERMAL [4] to handle thermal
scattering, is currently used in the TART98 Monte Carlo trangport code [5].
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Fi | ename

ZA001001
ZA001002
ZA001003
ZA002003
ZA002004
ZA003006
ZA003007
ZA004009
ZA005010
ZA005011
ZA006000
ZA007014
ZA007015
ZA008016
ZA008017
ZA009019
ZA011023
ZA012000
ZA012024
ZA013027
ZA014000
ZA014028
ZA014029
ZA014030
ZA015031
ZA016000
ZA016032
ZA017000
ZA018040
ZA019000
ZA019041
ZA020000
ZA021045
ZA022000
ZA022046
ZA022047
ZA022048
ZA022050
ZA023000
ZA024050
ZA024052
ZA024053
ZA024054
ZA025055
ZA026054
ZA026056
ZA026057
ZA026058
ZA027059
ZA028058
ZA028059
ZA028060
ZA028061
ZA028062
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12- My- 24
13- Al - 27
14- Si - Nat
14-Si - 28
14-Si - 29
14-Si - 30
15-P -31
16-S - Nat
16-S -32
17- Cl - Nat
18- Ar-40
19- K - Nat
19-K -41
20- Ca- Nat
21- Sc- 45
22-Ti - Nat
22-Ti-46
22-Ti -47
22-Ti-48
22-Ti-50
23-V - Nat
24-Cr-50
24-Cr-52
24-Cr-53
24-Cr-54
25- Mn- 55
26- Fe-54
26- Fe-56
26- Fe-57
26- Fe-58
27- Co-59
28- Ni - 58
28-Ni - 59
28-Ni - 60
28-Ni - 61
28-Ni - 62

Fi | ename

ZA028064
ZA029063
ZA029065
ZA031000
ZA032072
ZA032073
ZA032074
ZA032076
ZA033075
ZA034074
ZA034076
ZA034077
ZA034078
ZA034080
ZA034082
ZA035079
ZA035081
ZA036078
ZA036080
ZA036082
ZA036083
ZA036084
ZA036085
ZA036086
ZA037085
ZA037086
ZA037087
ZA038084
ZA038086
ZA038087
ZA038088
ZA038089
ZA038090
ZA039089
ZA039090
ZA039091
ZA040000
ZA040090
ZA040091
ZA040092
ZA040093
ZA040094
ZA040095
ZA040096
ZA041093
ZA041094
ZA041095
ZA042000
ZA042092
ZA042094
ZA042095
ZA042096
ZA042097
ZA042098

Mat eri al

28-Ni - 64
29-Cu-63
29- Cu- 65
31- Ga- Nat
32-Ge-72
32-Ge-73
32-CGe-74
32-Ge-76
33-As-75
34-Se-74
34-Se-76
34-Se-77
34-Se-78
34- Se- 80
34- Se- 82
35-Br-79
35-Br-81
36-Kr-78
36- Kr-80
36- Kr-82
36- Kr-83
36-Kr-84
36- Kr-85
36- Kr- 86
37- Rb- 85
37- Rb- 86
37- Rb- 87
38-Sr-84
38-Sr-86
38- Sr-87
38-Sr-88
38-Sr-89
38-Sr-90
39-Y -89
39-Y -90
39-Y -91
40- Zr - Nat
40-Zr-90
40-Zr-91
40-Zr-92
40-Zr - 93
40-Zr-94
40- Zr - 95
40- Zr - 96
41- Nb- 93
41- Nb- 94
41- Nb- 95
42- Mb- Nat
42- Mb- 92
42- Mo- 94
42- Mo- 95
42- Mo- 96
42- Mo- 97
42- Mo- 98
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ZA042099
ZA042100
ZA043099
ZA044096
ZA044098
ZA044099
ZA044100
ZA044101
ZA044102
ZA044103
ZA044104
ZA044105
ZA044106
ZA045103
ZA045105
ZA046102
ZA046104
ZA046105
ZA046106
ZA046107
ZA046108
ZA046110
ZA047107
ZA047109
ZA047111
ZA048106
ZA048108
ZA048110
ZA048111
ZA048112
ZA048113
ZA048114

ZA048115.

ZA048116
ZA049000
ZA049113
ZA049115
ZA050112
ZA050114
ZA050115
ZA050116
ZA050117
ZA050118
ZA050119
ZA050120
ZA050122
ZA050123
ZA050124
ZA050125
ZA050126
ZA051121
ZA051123
ZA051124
ZA051125

M

Materi a

42- Mo- 99
42- Mo- 100
43-Tc-99
44- Ru- 96
44- Ru- 98
44- Ru- 99
44- Ru- 100
44- Ru-101
44- Ru- 102
44- Ru- 103
44- Ru- 104
44- Ru- 105
44- Ru- 106
45- Rh- 103
45- Rh- 105
46- Pd- 102
46- Pd- 104
46- Pd- 105
46- Pd- 106
46- Pd- 107
46- Pd- 108
46-Pd- 110
47- Ag- 107
47- Ag- 109
47- Ag- 111
48- Cd- 106
48- Cd- 108
48- Cd- 110
48-Cd- 111
48- Cd- 112
48- Cd- 113
48-Cd- 114
48- Cd- 115m
48- Cd- 116
49-1 n- Nat
49-1n-113
49-1n-115
50-Sn- 112
50-Sn- 114
50- Sn- 115
50-Sn- 116
50- Sn- 117
50-Sn-118
50-Sn-119
50-Sn-120
50- Sn-122
50- Sn- 123
50- Sn- 124
50- Sn- 125
50- Sn- 126
51-Sb-121
51-Sb-123
51-Sb-124
51- Sb-125

ENDF/B-VI, Release 7
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Fi | ename

ZA051126
ZA052120
ZA052122
ZA052123
ZA052124
ZA052125
ZA052126

ZA052127.

ZA052128

ZA052129.

ZA052130
ZA052132
ZA053127
ZA053129
ZA053130
ZA053131
ZA053135
ZA054124
ZA054126
ZA054128
ZA054129
ZA054130
ZA054131
ZA054132
ZA054133
ZA054134
ZA054135
ZA054136
ZA055133
ZA055134
ZA055135
ZA055136
ZA055137
ZA056134
ZA056135
ZA056136
ZA056137
ZA056138
ZA056140
ZA057139
ZA057140
ZA058140
ZA058141
ZA058142
ZA058143
ZA058144
ZA059141
ZA059142
ZA059143
ZA060142
ZA060143
ZA060144
ZA060145
ZA060146

Mat eri al

51- Sb- 126
52-Te-120
52-Te-122
52-Te-123
52-Te-124
52-Te-125
52-Te-126
52-Te-127m
52-Te-128
52-Te-129m
52-Te-130
52-Te-132
53-1 -127
53-1 -129
53-1 -130
53-1 -131
53-1 -135
54- Xe- 124
54- Xe- 126
54- Xe- 128
54- Xe- 129
54- Xe- 130
54- Xe- 131
54- Xe- 132
54- Xe- 133
54- Xe- 134
54- Xe- 135
54- Xe- 136
55- Cs- 133
55-Cs-134
55-Cs-135
55-Cs- 136
55- Cs- 137
56- Ba- 134
56- Ba- 135
56- Ba- 136
56- Ba- 137
56- Ba- 138
56- Ba- 140
57-La- 139
57- La- 140
58- Ce- 140
58- Ce- 141
58- Ce- 142
58- Ce- 143
58- Ce- 144
59- Pr-141
59- Pr-142
59- Pr- 143
60- Nd- 142
60- Nd- 143
60- Nd- 144
60- Nd- 145
60- Nd- 146

Fi | ename

ZA060147
ZA060148
ZA060150
ZA061147
ZA061148

ZA061148

ZA061149
ZA061151
ZA062144
ZA062147
ZA062148
ZA062149
ZA062150
ZA062151
ZA062152
ZA062153
ZA062154
ZA063151
ZA063152
ZA063153
ZA063154
ZA063155
ZA063156
ZA063157
ZA064152
ZA064154
ZA064155
ZA064156
ZA064157
ZA064158
ZA064160
ZA065159
ZA065160
ZA066160
ZA066161
ZA066162
ZA066163
ZA066164
ZA067165
ZA068166
ZA068167
ZA071175
ZA071176
ZA072000
ZA072174
ZA072176
ZA072177
ZA072178
ZA072179
ZA072180
ZA073181
ZA073182
ZA074000
ZA074182

Mat eri al

60- Nd- 147
60- Nd- 148
60- Nd- 150
61- Pm 147
61- Pm 148
61- Pm 148m
61- Pm 149
61- Pm 151
62- Sm 144
62- Sm 147
62- Sm 148
62- Sm 149
62- Sm 150
62- Sm 151
62- Sm 152
62- Sm 153
62- Sm 154
63- Eu- 151
63- Eu- 152
63- Eu- 153
63- Eu- 154
63- Eu- 155
63- Eu- 156
63- Eu- 157
64- Gd- 152
64- Gd- 154
64- Gd- 155
64- Gd- 156
64- Gd- 157
64- Gd- 158
64- Gd- 160
65- Th- 159
65- Th- 160
66- Dy- 160
66-Dy- 161
66- Dy- 162
66-Dy- 163
66-Dy- 164
67- Ho- 165
68- Er-166
68- Er-167
71-Lu-175
71-Lu-176
72- Hf - Nat
72-Hf -174
72-Hf - 176
72-Hf -177
72-Hf-178
72-Hf -179
72- Hf - 180
73-Ta-181
73-Ta-182
74- W - Nat
74-W -182
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ZA074183
ZA074184
ZA074186
ZA075185
ZA075187
ZA077191
ZA077193
ZA079197
ZA082206
ZA082207
ZA082208
ZA083209
ZA090230
ZA090232
ZA091231
ZA091233
ZA092232
ZA092233
ZA092234
ZA092235
ZA092236
ZA092237
ZA092238
ZA093237
ZA093238
ZA093239
ZA094236
ZA094237
ZA094238
ZA094239
ZA094240
ZA094241
ZA094242
ZA094243
ZA094244
ZA095241
ZA095242

ZA095242.

ZA095243
ZA096241
ZA096242
ZA096243
ZA096244
ZA096245
ZA096246
ZA096247
ZA096248
ZA097249
ZA098249
ZA098250
ZA098251
ZA098252
ZA098253
ZA099253

Materi a

74-W - 183
74-W - 184
74-W - 186
75- Re- 185
75- Re- 187
77-1r-191
77-1r-193
79- Au- 197
82- Pb- 206
82- Pb- 207
82- Pb- 208
83- Bi - 209
90- Th- 230
90- Th- 232
91- Pa- 231
91- Pa- 233
92-U -232
92-U -233
92-U -234
92-U -235
92-U -236
92-U -237
92-U -238
93- Np- 237
93- Np- 238
93- Np- 239
94- Pu- 236
94- Pu- 237
94- Pu- 238
94- Pu- 239
94- Pu- 240
94- Pu- 241
94- Pu- 242
94- Pu- 243
94- Pu- 244
95- Am 241
95- Am 242
95- Am 242m
95- Am 243
96- Cm 241
96- Cm 242
96- Cm 243
96- Cm 244
96- Cm 245
96- Cm 246
96- Cm 247
96- Cm 248
97- Bk- 249
98- Cf - 249
98- Cf - 250
98- Cf - 251
98- Cf - 252
98- Cf - 253
99- Es- 253
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Fig.1: Effect of Doppler Broadening on Resonance Cross Sections
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Fig.2: Effect of Doppler Broadening on Low Energy Cross Sections
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Example of the Effect of Doppler Bromdening
on Cross Sectlons at Low Energy
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Example of the Effect of Doppler Hroedening
oin Croxss Sectlons at Low BEnergy
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